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Abstract: To derive the negative rules from the incomplete decision information system, the concept of negative support set
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of descriptors is proposed. The lower and upper approximations based on such negative support set are presented, and their
and upper approximate is presented. For facilitate application, an approach of discernibility matrix is proposed to obtain the
=

properties are discussed. Moreover, the approach to acquire the certain and credible negative rules by the proposed lower
reduction, and the results of the illustrative examples show the effectiveness of the approach.
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852 = 1 5 * % 06 %
B, I DL FE BRI YA S 4 R A5 R e 5 EX 2 WIDIS = (UATU{d},V,f), A C

PRI PR FRIBCRI 24y 5 ) . (H2 B IR T A ANE 5 4k
BB R RR G0 R MR M AN 8 % R B AR 4L

ST BRI BT, ASSC LA TR S R AE AN 58
FRFAE BRGNS G, 8% EFEAI A
PEAE ROV AE A — B0 (25 1, 48 ik 7 A e s dk
(IR, FHHE SO tREEIN R B4 LLER K
778 PRSI, [R1IF, S 7 SRR A R 77 5 e SRR,
5 ST AT LR L RIS A — U AR
XA, JFaa T SR L L) 5 (1 73 WA k. S8
125 RARW] T Prf th I3 vA A 2L

2 AR
21 FREBERRERRSG
YL fE B RS (DIS) A& FR BEAT 411 JE 1tk X A vk

FIRYER — R 5 R RS, U418 5 v ok i 1 )
AR Il . — ARG B ARG —/N Yoo, /)
IDIS = (U, AT J{d}, V. f).
b U AR AR RES, ORI, AT £9E7F
HWRE&MEIEES, Va € AT, V, & &V o R, d 2
YR IEYE, AT N{d}=2; V=Var Va2 8P
IR S f R R Ve e U, ac (AT U{d}), &
X f(x,a) Az e @M o EREUE, WA f(x,a) € Va.
A58 & A5 AR S (IDIS) 4515 B R b i
LT A S0 AL AR ST 32 B 5t B R S0 4 A )
PEE RS B2, H“*” 2R, B f(z,a) = #(x € U,a €
AT), HABR 1A F0 i Pk AEAX HH BLAE 4% A S P . —
ANAGER PR B ARG SEBI R 1 iR,

£1 ITE&EREERRE

U a b c d
T 2 1 1 1
To 3 2 * 3
T3 2 * 2 2
T4 * 2 2 2
5 3 2 1 2
6 3 2 3 3
T7 * 1 1 1
22 BEXR
EX 1 WIDIS = (U, AT J{d},V, f), VA C

AT. HAPEMNBEERRILHN T(A), HA
T(A) ={(z,y) € U*: f(z,a) = f(y,a) V f(z,a) =
x\ f(y,a) = %, Va € A}.
PETERFWG AL B SRR, AN — 2 i A AR I 1k
Vo e U, o MHEZRICH Ta(e), HTa(z) ={y €
U: (z,y) € T(A)}, Bl Ta(z) Z A5 2 BARZEX
RT(A) MM EIES.

AT, VX € U, X 3T T(A) KK LT U5 56l
N AR(X)FIAp(X), HA

Ap(X)={z €U :Ta(X) C X},

Ar(X)={z e U : Ta(X)N X # o}.
2.3 R MIREN

FERHAE B b, B A1 A5 B AR e T i 0 U

DL S5 R0 0 1 T 242 00 1 ok, 25 5 5 (I ke
ARz € UAFRIT P im:

Tyt t—s.

ey
2)

(3)
Forpe ¢ RS ZATER 7, ¢ = N(a,va),a € A
CAT; s FERIEHIY, s=(d, 1), i€ Vg, i ERHIIREE. 1L
T R SRR )R DA 3 DAy - S50 G R A5 AT S e i 2
REE B, W HC PR S 1k — s ) UBUAS AN R o HOAAL.
SCHR [8-101 77T T 628 PR SRR DU PR S ORI 24 i i) .
ARSCN R, DRSS BR T bk e M) R S
FRISE, T WA AT B 2268 I (R A5 5 1 B 11 ke SRR D)oK
5 W PR SR A HA A o e, BDA 2% B0 0 R 2R AT S
AN FE O S AP, WG e S e 1k AN T RE R A2
SO TE U (B FEA PR A ). AR - g
M BT RSFRIN —FOB 2C, w] LGS A5 5 TS
N — e Ch
Ty 1 Tl — s, “4)
Fope —t a2 A5 PRA K 25823, ¢ = A(a, va), a
€ A CAT; —s UK H, s = (d,i),i € Vy. LIRE
SEPREFN Bt = Ala,v,) 1 4F /2 Leung 55 NPV
SR 7. R T8 T R U] A58 £ PSR AR 1 &R
G2 A A RSN, TR SO A G R Y 2%
PEIE ML ZE S, SR H N ld 1 1 5 0 SCHEAE IR
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3 HR TS ESCEE SRS

ENX 3 WIDIS = (U AT J{d},V, f), Va €
AT, v € Var, #X (a,v) H— AT- ] 7 A0 B —
LA ) AT- i1 20 RS OB — > AT- 4541
R T, LAt = A (a,v4), A C AT. £tk AT- 554

a€A

R T, ¢ I T A B A IR AT(2), (|t =
{z € U: f(z,a) = x\/ f(z,a) # v, Va € AT(t)}, W
TR ||¢]] i1 ¢ I 5 SCHEAR. 7R3 1L AN SE % 13k
HFRARGH, &t = (a,2) Ab,1) N, 1), |t =
{22, 24,6}, MV € ||t], —3EH f(z,a) # 2, f(z,b) #
1, Hf(z,e) # 1. %Vy = {1,2,--- i}, 75 = (d, 1),
WFR s g e etk 7. 4 ||s|| J Pk d 7 sHI 15 52
VI AT ||s| = {z € U : f(a,d) #i}. FHtRt 2
WA AT- AR, Y(a,v) € t, 36 (a,v) € ¢, W
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FRe bt SRS ¢ bt o4, il t = B <
ty At IR R A S B AR, TR ¢
EE ¢/ P kg R B ¢ LG ¢ R4, il ¢ - B < ¢
1 MK R T SRR X,
t A AT- A 1, Hox € ||t]]. 45 Ja € AT 15
f(z,a) # = (I z 2 DFH A KA EMEE A D7)

Wz A — AN RS R 7 e P AR T A
KR A — 2 KWW e — & AL i a7

AN #iVa € AT f(x,0) = « (T H
G A T VAR5 Oh %), AR A e R 1R A R,
A g IRV, BT R A 8 A, B,
x W5 A B P 5 R 7 b R A S s
EA 1/ (Varl - [Vaal - -+ - [Vaal) FIBL 2 B AT ] (8
AT = {a1,a2, ,a;}, |Vai| TR Vi HI3E). BARTE K
B I B SR 5 1) B AT 4% A1 T8 PR A 38 A, Tt
TR P A WA AR . 2R B IRA AR
Tt AT 2 SCRFAR A AT AN ¢ B K 4
A
EX 4 AIDIS = (U AT J{d},V, f) A—A
SER RS LR SE, IL DES(AT) = {t : ¢ J& AT- 44
R, ||t # @} X T vt € DES(AT), #5 AT(t) =
AT, ER t y—AN 584 AT- S48 7, id FDES(AT)
= {t :t € DES(AT), t }&564% AT- 548 7).
EX5 AIDIS = (UAT{d},V, ), AC AT,
VX CU, X HTJEPE AR Mg B EE s h
Ages(X) = {[2]| - [It]] € X,t € FDES(A)}, (&)
Ades(X) = {lItll : [N X # @, t € FDES(A)}. (6)
48 X B B, T4 200 E B, A
535k
POSges(X) = Ages(X), (7)
BNDges(X) = Ades(X) — Ages(X), 3
NEGaes(X) = {|[t]| : t € FDES(A)} — Ages(X). 9
#E 1 WIDIS = (U, AT J{d},V, f), t &M
R, TR X CU,A:
1) 5 ||t]] € POSaes(X), WX FAERE x € [|t]| —5&
HzxeX;
2) 47 ||t|| € BNDges(X), WX TATE = € ||t]| T fE
fHreX Wiz ¢ X;
3) 47 ||t|| € NEDges(X), WX TAER 2 € [|t]| —
Hré¢X.
EE1 4AIDIS = (U,
VXY CU, WA LA AUar
Ayes(9) = Zdes(g) =0,

Ades( ) g AdeS(X); (10)

U,AT U{d}, V. f), AC AT,

XCY = Ajes(X) € Ages(Y),

Ages(X) C Ages(Y); (1D
Ages(X YY) = Ages (X) M Ages (V)
Ages(XNY) = Ades(X) N Ades (Y); (12)
Ages(X) U Ages (V) € Ages (X UY),
Ades(X) U Ades(Y) € Ades(XUY). (13)

EB 1) e XS ZiEa (10) %07

2) BATE [[t]| € Ages(X), F|t]l # 2 H |t € X.
NXCY, [t €Y, BrUAT Ages(X) C Ages (V). I
I Ades (X) € Ades (V) BT, T2 (11) ROT.

DN BALE ]| € Ages(XNOY), A |It]| # 2, HA
It < (XAOY), Bt € X H|[t]] € Y, BridA[jt]]
C Ages(X), It € Ages(V), TREA ] € (Ages(X)
N Ages (V) O BATE [[t]] C© (Ages(X) N Ades(Y))s
WA 1t # 2, At € X1t < v, Bl < (XN
V), BrEAIt]] € Ages(XNY), Ages (X NY) = Ages(X)
N Ages (V) BT, [FFEATE Ages(X NY) = Ades(X) N
Ades (V) T, T2 58 (12) T

HRH X, Y Cc XY, i aD gsien 15

Ages(X) € Ages (X UY), Ages(Y) € Ages(XUY).
FTEAA Ages (X) U Ages(Y) C Ages (XU Y) BT, 7]
G Ages (X) U Ades(Y) € Aqes(X JY) A7, R
2 (13) Az, O
4 15 PRFHN

AT BRICER 2.3 45 BT [ 5 52 H SO, 1 56 51
NGRS FAMEM LS. A58 & P35 B R 4 IDIS

RV = {1,2,- -+ i}, MRS JE P ] LS 2
LU N3 U/d={X1,Xa,- -, Xs}, HA X, =

{x €eU: f(x,d) =i} -X; =U — Xy, W =X, &k
TR X, AR, s I vk 55 I8 PR UE A 2 4 1) 7T
FZES. AU/~d={-X1,-Xa,--- ,~X;}, MU/~d
R U P PR BANR S SO S ik 1 ¢
08 SCRPAR MRS, ||¢]| 2T AN 2 ¢ 1A
X RIS, AT LR PSR, T SR 5 ey
ARIAT E PR AR
EX 6 AIDIS = (U AT J{d},V, f), &V =
{1,2,---,i}, AT = {a1,aq,---,a;}, X THEEL €
FDES(AT), t JTAf N K15 5 YRS  y : —t — —s 1]
(f(z,ar) #v1) A(f (2, a2) #v2) Ao A\
(f(z,am) # vm) = f(z,d) #i.
XF 15 TE PRI e )R] A5 VRS ey T E X
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Cer(ry) = W (14) BNDges(+X1) = {It6]l, 1011},
car
Fors (|| 2 A PR T 0 A SRR, (s ek S BNDaes (—X2) = {lltall, ltall, £l 1t [1£10ll},
ﬁ%ﬂﬁfmi'zﬁ% card(X) A X EH. 4 BNDaes(—X3) = {[ta], [[£]], [[£all, [[ts]]}-
Cer(re) = o, Mo = 1IN, g A2 ZRAf 8 PRI 7 E PSR MR s B 2 ]

R 0 < o < LI,y 245 AT P I A DS
D, R MR R 100 o % R P

EI2  WIDIS = (U ATU{d},V, f), 2 Vy =
{1,2,--- i}, U/~d = {=X1,=Xa, -, ~X;}, KA
¥t € DES(AT), AR T s = (d, i), WA

1) 4 [|t]| € POSqes(—X:), W 7y & — 45l 7€ 1 1
7 3 TR SR

2) ||t € BNDgqes(—X;), W ry & — 45 W5 PER &
SE PRI,

WEHY HH ||t € POSaes(—X;) WAL ||t # @ H.
[t € ~X;, Vo € |t| Ha € X, WA f(z,d) # i.
WA ||s[| 1952 SCH It]] € Isll, Cer(ry) = 11%5Z, BrEA

7o o S A T AT g e SRR, [ BE AT HIE 2) 1k
AL [
Bl1 REFIREAE RIS B RGE AT

AT R AT RT A A R SRR, 5 500

U= {1‘1,332,.73371'4,1‘5,336,337}, AT = {a‘7b7 0}7

Vo=Vy=V,=Vy={1,2,3}

P L3 A4
tr = (a,1) A(b; 1) A(c, 1), [[ta]| = {2, w3, 24, w6}
t2 = (a,1) A(b;2) A(c,2), [[t2]| = {z1, 27}
ts = (a,2) A(b;1) A(c, 1), [[ts]] = {z2, x4, w6 };
ta = (a,2) A(b; 1) A(c,2), [[tall = {z2, 25, 6 };
ts = (a,2) A(b:2) A(c,2), [[ts]| = {7}
te = (a,2) A(b,3) (¢, 2), [lts|| = {2, x5, w6, 27}
tr = (a,3) A(b; 1) A(c, 1), [ltz]| = {3, x4 };
ts = (a,3) \(b,2) A(c, 1), [lts]| = {zs}
to = (a,3) \(b,2) A(c.2), [lto]l = {1, 27};

tio = (a,3) A(6,2) A(c,3), lltroll = {z1, x5, 27}
WU LT Y se 2R 1AM 2
U/-d={-X1,- X3, X3} =
{{$2,$37$4,I5, 336}, {371,%2,356,337}7
{x1,23, 24,25, 27} }.
H17E 35 AT
POSqes (7 X1) = {l[tall, ltsl, lEall, [[271], [[£s]l}
POSaes(=X2) = {l[t2l; lIts]], lltall},
POSqes(—X3) = {llt2ll Its ], 171, [1£sll lItsll; [[£10] }5

fle,a) #LN f(z,0) # 1A f(z,0) #1 = fz,d) # 1,
flz,a) # LN f(z,0) #2\ f(z,c) #2 =
flz,d) # 2\ f(z,d) # 3,
flz,a) #2 N\ f(z,0) # 1N\ f(z,0) #1 = f(z
flz,a) #2 N\ f(z,0) # 1N\ f(z,0) #2 = f(z
flz,a) #2 N\ f(z,0) #2\ f(z,c) #2 =
flz,d) # 2\ f(z,d) # 3,
flz,a) #3N f(z,0) # 1N\ f(z,0) #1 =
flz,d) # 1\ f(z,d) # 3,
flz,a) #3N f(z,0) #2\ f(z,c) #1 =
flz,d) # 1\ f(z,d) # 3,
flz,a) # 3N f(z,0) #2\ f(z,c) #2 =
flz,d) # 2\ f(z,d) # 3,
flz,a) # 3N\ f(z,0) #2 A\ f(z,c) #3 = flz,d) # 3
AR 5 B2 R4 3R] A5 1 0757 5 PSR
flz,a) # LN f(z,0) # 1A\ f(z,0) #1 =
flz,d) # 2\ f(z,d) # 3,
flz,a) # 2\ f(z,0) # 1A\ f(z,0) #1 =
flz,d) # 2\ f(z,d) # 3,
flz,a) # 2\ f(z,0) # 1N\ f(z,c) #2 =
flz,d) # 2\ f(z,d) # 3,
flz,a) # 2\ f(z,0) #3N\ f(z,c) #2 =
fla.d) 1N f(z,d) # 2\ f(z,d) # 3
flz,a) # 3N\ f(z,0) #2\ f(z,c) #3 =
flz,d) # 1\ f(z,d) # 2.
5 JiRZifa
TR 24 68100 K s A B A0 AT 119 A% o 1] R,
%%ﬂﬁ%ﬁ%%ﬁ&%ﬂ%*%ﬁ%ﬁ@lﬁﬂ%
B fET AR PRSI, 2 T A ST 1R 175 1 PN
WIHEAT 201, B TR o il 45 AR FE N BBl A —
ES QRPN SR DIR
EX T  BIDIS = (ATU{d},V, f), Va = {1,2

. ’i}, U/—\d = {—|X17—|X2,... ,_'Xi}, %{#%j&%t
t' € DES(AT), Ht >t, %

L(t) = {~Xi : [[t]| € ATqes(~Xi), ~X; € U/~d},
H(t) =

A R (15 5 R SRR Ay
b)
)

d) # 1,

(
( d) # 1,

{~X; : |[t]| € ATues(~X;), ~X; € U/~d}.
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DA L(t) = L(t), Hvt" = t, L(t) # L"), W
PR Y 7 ¢ 1A N IS A — BRI AR £ ] J PRk
T

AT H(t) = H('), Hvt" =t, H(t) # H(t"), W
PRt o ¢ B —A> _EIE A3 Al — SR A X £ ] J PRk
T

E2 MENTHBUE M, ¢ 1 R (Rl
FEXS 2 i 438 1 ¢ [ IR || X5 R ieh (b
ALl Ho¢ f ¢ v s N R iR 1 o S U K, ¢ )
JT AT JARh (R ABL) AR 24 15 Fi 0 1 14 411 e P 4

18K redy () (red g (1)).
EX 8 WIDIS=(U,ATU{d},V, ), Va={1,2,

— i}, UJ~d={~X1,~Xs, -+ ,~X;}, te FDES(AT).
W DL(t) = {2 : |[t] € ATy (~X,), 2 € X;}, D (t) =
{z N -X: =9,z € X;}. €XDp(t,z) WA
H R AT B RGP AR 7 ¢ 0 Rl nT FER A
JEMELE, Dy (t, 2) A BRI el B e, HA
Dy — { (a€ AT : 2 ¢ ||(a,a0)||}, = € Dr(t);
AT, x & Dy (t).

Du(t,z) = { {a € AT : 2 & ||(a,ay)||}, © € Du(t);
AT, z & Dy (1).
EHE3  WIDIS = (U, ATU{d} V. f), A TE
ik Tt € FDES(AT),t' € DES(AT), H.t' > t, W4
L(t) = L(t") & D (t,z) NAT(') # @,

Vo € Dy (t); (15)
H(t)=H(t') & Dy (t,z) AT(t') # @,
Va € Dy (t). (16)

WEW DAtk ke X8, Ik 3z € Di(t)
Wz e X Bt € -X;) Ma ¢ ||t]| 45 Dr(t, 2) N
AT(t') = @ oL, R ¢ > ¢, AT o € ||¢)). MR35
fFH L) = L), B ||t]] € =X; < |¢'|| € —X;, UEiS
Hre-X;, X5ze X, HT)E.

2) B Y > ¢, W43 L(t) D L), MR FFE
W L(t) C L(t'). X L(t) # 2, -X; € LE)(EN[t]] €
-X)H: KT Ve € Xy, Di(t,x) AT() # @ T,
Bz ¢ ||t']]. B2k @ s X, AR 0 5 1K, B AL IR o4
SEAT ||t']] € X, AT L(t) € L(t). 25 B30 15)
AL, [ EE AT LR 5K (16) sz, O

EX 9 WIDIS = (U, AT J{d},V, f), &1EH
&Ft € FDES(AT), &

Avty= N (V/Dult,2)
XeDy(t)

Aut)= N\ (\/ Dult,2)).
XeDg(t)

TR AL () Ay (1) 5550 S H58 7 ¢ 10 F A RN 32 )
S BORAT LT X 43 B 5.
HRAEA /i 4 BB, phy s S 9 s B 3 W44 R

EE4 AL AL () BB ECE X
BEAN A BT I (1 8 Pk - B8R B R ¢ 1 R A bk
ABLG3 A — SR L R H 3R 1 B S A

B2 SRARG 1 i P R R SRR R 24 1]

Step 1: #i#i85E X 8 Al f34R 1 ¢ BT HHR A8
PEAE D(t, ) WK 2 FrR.

FT2 HWARAFRPHAKGREEE

X1 T2 xr3 T4 Ts Te 7

t1 be AT AT AT AT AT be
to AT b c be b b AT
t3 be AT AT AT AT AT be
t4 ab AT AT AT AT AT b

ts AT b ac be b b AT
tr be a AT AT AT a be
ts c ab AT AT AT ab c

ty AT ab c be ab ab AT
t10 AT ab AT AT AT abe AT

Step 2: A4 & SO FE BE 4 W] LIS B3R 1 ¢ )
FrA MG 2l (R A A F I MRS

redp(t1) = Ap(t1) = 0V ) AV ) =bVe,
redp(t2) =b Ac AV ) AbAb=DbAC,
redp (t3) = b\ ¢, redy(ts) = b,

redp(t5) = (a Ab) V(b Ac),

redp(t7) = (a Ab) V(a A o),

redp(ts) = (a Ac) V(b Ac),

red(te) = (a Ac) V(b Ac),

redy(t10) = a '\ b.

Step 3: HR 4 ¢ 9 AF XF 240 1] 5% 1F e 11k S 0] 5 1k
K177 7 PSRN AT 20 i, A5
f@,b) #1 = f(z,d) # 1, f(z,¢) #1 = f(x,d) #1,
f(x,a) #3 = f(z,d) #3, f(x,b) #2 = f(x,d) #3,
f(@,b) #2 N\ fz,c) # 2 = f(z,d) #2
f(w,a) #2 N\ f(2,0) #2 = f(z,d) #2
f(x,a) 3N f(2,0) #1 = f(x,d) #1,
( ( (z,d) #1
( d)#1
(

S
Q

)

S
Q

)

8

)
)
f(@,a) Z3Nf(@,0) #1 = f(z,d) #1,
f@, ) #2 N\ fz,c) #1 = f(z,d) #
f(z,a) 3N f(2,0) #2 = f(x,d) # 2.
6 &

) RS B B8 A2 AN 58 46 R IRAR R AR G0 3R
PSRN I — T R R B BRI S 1K) B4 ORI HE e ]
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26 &

ARSI G 8] (0 22 e A, R ST i T 1 E
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